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(54) Bi-cast turbine nozzles and methods for cooling slip joints therein

(57) Bi-cast turbine nozzles and methods for cooling
the same are provided. The bi-cast turbine nozzle com-
prises an endwall. A vane is coupled to the endwall. The
vane comprises an end portion and a leading edge and
a trailing edge interconnected by a pressure sidewall and
a suction sidewall. A slip joint is provided between the

end portion and the endwall. A plurality of cooling holes
is defined through the endwall. The plurality of cooling
holes is disposed adjacent the periphery of the slip joint
along the pressure sidewall of the vane and in proximity
to the leading edge of the vane.
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Description

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR

DEVELOPMENT

[0001] This invention was made with Government sup-
port under W911W6-08-2-0001 awarded the U.S. Army.
The Government has certain rights in this invention.

TECHNICAL FIELD

[0002] The present invention generally relates to gas
turbine engines, and more particularly relates to bi-cast
turbine nozzles and methods for cooling slip joints there-
in.

BACKGROUND

[0003] Gas turbine engines are generally known in the
art and used in a wide range of applications, such as
propulsion engines and auxiliary power unit engines for
aircraft. In a typical configuration, a turbine section of the
gas turbine engine includes a turbine nozzle, etc. A tur-
bine nozzle comprises an annular array of stationary air-
foils (also referred to herein as "vanes") that extend be-
tween annular endwalls. In the gas turbine engine, hot
combustion gases from a combustion section in the gas
turbine engine are directed against the annular array of
vanes. When the vanes are heated faster or hotter than
the endwalls, the vanes become susceptible to large ther-
mal compressive stresses because the vanes tend to
expand but are constrained by the endwalls. Therefore,
conventional bi-cast turbine nozzles include a slip joint
and associated space between an end portion of each
vane in the annular array and the adjacent endwall to
accommodate thermal expansion of the vanes. The op-
posing end portion of each vane is mechanically an-
chored into an opposing endwall. The slip joint, when in
an open condition, forms a gap along a pressure sidewall
of the vane and an opposing gap along a suction sidewall
of the vane.
[0004] While the slip joint between the end portion of
each of the vanes and the adjacent endwall in the bi-cast
turbine nozzle is generally provided to accommodate
thermal expansion of the vanes, the slip joints can unde-
sirably allow for hot combustion gas ingestion from the
pressure side of the vanes, into the associated space,
and onto the suction side of the vanes. Such hot com-
bustion gas ingestion can result in aerodynamic perform-
ance degradation and oxidation damage to the vanes
and adjacent endwall at the slip joints, causing material
recession of the vanes and adjacent endwall. As the size
of the gaps between the end portion of the vanes and
adjacent endwall at the slip joint increases due to material
recession, the amount of hot gas ingestion increases,
resulting in still higher aerodynamic performance degra-

dation and even more oxidation damage, continuing to
cause even more recession.
[0005] Film cooling of vanes is a widely used technique
that helps to maintain material temperatures within ac-
ceptable limits. With film cooling of vanes, air is extracted
from a compressor section of the gas turbine engine and
forced through internal cooling passages within the
vanes before being ejected through a showerhead or oth-
er film cooling holes in the vane onto the external wall
surfaces of the vane. The cooling gas ejected from these
film cooling holes forms a film layer of cooling gas on the
external wall surfaces to protect the vane from the hot
combustion gases by substantially reducing heat transfer
from the hot combustion gases to the vane skin as the
cooling gas is at a lower temperature than the hot com-
bustion gas. Film cooling of endwalls using endwall film
cooling holes is also known. Cooling film blow-off (i.e.,
separation of the cooling film layer from the vane and/or
endwall external wall surfaces) may, however, substan-
tially impede formation of the film layer of cooling gas
against the external wall surfaces, resulting in lower over-
all vane /endwall cooling effectiveness. In addition, nei-
ther vane film cooling nor endwall film cooling sufficiently
cool the slip joint of the bi-cast turbine nozzle to avoid
the aerodynamic performance degradation and oxidation
damage that are caused by the hot gas ingestion through
the slip joints and through the associated space in the
endwall.
[0006] Hence, there is a need to substantially prevent
oxidation damage caused by hot gas ingestion at the slip
joints of bi-cast turbine nozzles, to thereby maintain aer-
odynamic performance and operative life of the bi-cast
turbine nozzle. It is also needed to mitigate cooling film
blow-off, thereby resulting in higher overall cooling effec-
tiveness. Furthermore, other desirable features and
characteristics of the present invention will become ap-
parent from the subsequent detailed description of the
present invention and the appended claims, taken in con-
junction with the accompanying drawings and this back-
ground of the invention.

BRIEF SUMMARY

[0007] A bi-cast turbine nozzle is provided. In accord-
ance with one exemplary embodiment, the bi-cast turbine
nozzle comprises an endwall. A vane is slip coupled to
the endwall. The vane comprises an end portion and a
leading edge and a trailing edge interconnected by a
pressure sidewall and a suction sidewall. A slip joint is
provided between the end portion and the endwall. A
plurality of cooling holes is defined through the endwall.
The plurality of cooling holes defined through the endwall
is disposed adjacent the periphery of the slip joint along
the pressure sidewall of the vane and in proximity to the
leading edge of the vane.
[0008] A bi-cast turbine nozzle for a gas turbine engine
is provided in accordance with another exemplary em-
bodiment of the present invention. The bi-cast turbine
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nozzle comprises a pair of endwalls and a plurality of
vanes extending between the pair of endwalls. Each vane
of the plurality of vanes comprises a leading edge and a
trailing edge interconnected by a pressure sidewall and
a suction sidewall and an end portion and an opposing
end portion. A slip joint is provided between the end por-
tion and an adjacent endwall of the pair of endwalls. The
opposing end portion is anchored to the other endwall of
the pair of endwalls. A plurality of cooling holes is defined
through the adjacent endwall. The plurality of cooling
holes is disposed adjacent the periphery of the slip joint,
along the pressure sidewall of the vane and in proximity
to the leading edge of the vane.
[0009] A method is provided for cooling a slip joint in
a bi-cast turbine nozzle in accordance with yet another
exemplary embodiment of the present invention. The bi-
cast turbine nozzle comprises a vane coupled to an end-
wall by the slip joint. The method comprises extracting
cooling gas flow from an exit of a compressor of a gas
turbine engine. The cooling gas flow is suitable in quantity
to cool a combustion gas flow through the slip joint. The
cooling gas flow is directed through a plurality of cooling
holes in the endwall to mix with the combustion gas flow.
The plurality of cooling holes is disposed adjacent the
periphery of the slip joint along a pressure sidewall of the
vane and in proximity to a leading edge of the vane.
[0010] Furthermore, other desirable features and char-
acteristics of the bi-cast turbine nozzles and methods for
cooling the same will become apparent from the subse-
quent detailed description and the appended claims, tak-
en in conjunction with the accompanying drawings and
the preceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will hereinafter be de-
scribed in conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

FIG. 1 is a simplified schematic illustration of an ex-
emplary gas turbine engine;

FIG. 2 is a partial cross-sectional view of the exem-
plary gas turbine engine of FIG. 1;

FIG. 3 is an isometric view of an exemplary bi-cast
turbine nozzle that may be used in the turbine section
of FIG. 2;

FIG. 4 is a schematic view of a suction side of a
portion of the bi-cast turbine nozzle of FIG. 3, the bi-
cast turbine nozzle comprising an outer endwall, an
inner endwall circumscribed by the outer endwall and
spaced therefrom to define a portion of a combustion
gas flow path in the gas turbine engine (not shown
in FIG. 4), and a plurality of stationary airfoils (vanes)
(only three are illustrated) disposed in an annular
array between the outer and inner endwalls, each

vane having an inner end portion forming a slip joint
with the (adjacent) inner endwall, the inner end por-
tion disposed in a space in the inner endwall and the
outer end portion anchored in the outer endwall;

FIG. 5 is a schematic view of the inner endwall slip
joint portion of the bi-cast turbine nozzle of FIG. 3,
depicting hot combustion gas ingestion flow (and al-
ternatively, diluted and cooled combustion gas flow)
through the slip joint between the end portion of a
single vane and the endwall (in this depiction, be-
tween the inner end portion and the inner endwall)
and associated space in the endwall, from the pres-
sure side of the vane, under the vane footprint, and
onto the suction side of the vane along a combustion
gas flow path;

FIG. 6 is a schematic view of a pressure side of a
portion of the bi-cast turbine nozzle according to ex-
emplary embodiments of the present invention along
with portions of a combustor plenum, the bi-cast tur-
bine nozzle comprising a plurality of cooling holes
and a plurality of film cooling holes defined through
the inner endwall, the plurality of cooling holes ad-
jacent the periphery of the slip joint along a pressure
sidewall and in proximity to the leading edge of the
vane in the bi-cast turbine nozzle; and

FIG. 7 is a flow diagram of a method for cooling a
slip joint in a bi-cast turbine nozzle, according to an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION

[0012] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. As used here-
in, the word "exemplary" means "serving as an example,
instance, or illustration." Thus, any embodiment de-
scribed herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other em-
bodiments. All of the embodiments described herein are
exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to
limit the scope of the invention which is defined by the
claims. Furthermore, there is no intention to be bound by
any expressed or implied theory presented in the pre-
ceding technical field, background, brief summary, or the
following detailed description.
[0013] Various embodiments are directed to bi-cast
turbine nozzles and methods for cooling slip joints there-
in. The bi-cast turbine nozzle comprises an annular array
of stationary airfoils (i.e., vanes) extending between a
pair of endwalls. Each vane has an end portion slip cou-
pled by a slip joint to an endwall of the pair of endwalls.
The slip joints accommodate differential thermal expan-
sion between the vanes and the endwalls. Exemplary
embodiments of the present invention as described here-
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in result in significantly reducing the temperature at the
slip joints and in improving overall cooling effectiveness
so as to substantially prevent aerodynamic performance
degradation and oxidation damage to the vanes and end-
walls, thereby resulting in decreasing material recession
thereof and contributing to longer operative life of the bi-
cast turbine nozzles. Cooling film blow-off at the endwall
is also reduced.
[0014] FIG. 1 is a simplified schematic illustration of a
gas turbine engine 12. The gas turbine engine 12 in-
cludes a compressor 16, a combustor 18, and a turbine
20. The compressor 16, combustor 18, and turbine 20
are in flow communication. Compressor 16 and turbine
20 are coupled by a shaft 22. Shaft 22 rotates about an
axis of symmetry, which is the centerline of the shaft 22.
In operation, air 15 flows into the compressor 16 and
compressed air 23 exits the compressor 16 through a
compressor exit 21 (FIG. 2) and flows into a combustor
plenum 40. A portion 80 of the compressed air 23 flows
from the combustor plenum 40 (more particularly,
through an inner diameter combustor plenum 40a and
an outer diameter combustor plenum 40b as depicted in
FIG. 2) (the inner diameter combustor plenum 40a and
the outer diameter combustor plenum referred to collec-
tively in FIG. 1 as "combustor plenum 40") to combustor
18 and is then mixed with fuel 17 provided by fuel nozzles
(not shown) and ignited within the combustor 18 to pro-
duce hot combustion gases 19. The hot combustion gas-
es 19 drive turbine 20 in the gas turbine engine 12, as
hereinafter described. The remaining portion (hereinafter
"cooling gas" 76) of the compressed air 23 flows from the
combustor plenum 40 (more particularly, inner diameter
and outer diameter combustor plenums 40a and 40b
(FIG. 2)), to the turbine 20 to cool the turbine components
including the bi-cast turbine nozzle 110 in a turbine sec-
tion 100 (FIG. 2) of the gas turbine engine. The combustor
plenum 40 is in flow communication with both the com-
pressor 16 and turbine 20 (FIG. 1). It is to be understood
that only one compressor and one turbine are shown for
ease of illustration, but multiple compressors and tur-
bines may be present in the gas turbine engine. It is also
to be understood that while one exemplary configuration
for cooling the turbine components including the bi-cast
turbine nozzle with cooling gas has been described, the
cooling gas may be supplied to the bi-cast turbine nozzle
using other configurations.
[0015] FIG. 2 is a fragmented partial cross sectional
view of the gas turbine engine 12 of FIG. 1 including the
high pressure turbine (HPT) section 100. In general
terms, the turbine section 100 of FIG. 2 is comprised of
at least one turbine nozzle 110 with stationary airfoils
(vanes) 120 and at least one turbine rotor 130 with rotor
blades 132 (rotating airfoils). The vanes of the turbine
nozzle 110 extend between annular endwalls 103 and
105 that define a portion 106 (FIG. 5) of the mainstream
hot combustion gas flow path 107 for receiving the flow
of hot combustion gases 19 from the engine combustor
18. The rotor blades 132 of the turbine rotor 130 project

radially outward from a turbine rotor platform 134 that is
coupled to a turbine disk 136, which in turn circumscribes
a shaft (not shown). During operation, the hot combustion
gases 19 flow past the axially spaced circumferential
rows of vanes 120 and rotor blades 132 to drive the rotor
blades 132 and the associated turbine rotor 130 of the
turbine 20 for power extraction. Other embodiments of
the gas turbine engine 12 and turbine section 100 may
be differently arranged. The gas turbine engine 12 and
turbine section 100 thereof have an overall construction
and operation that is conventional. The bi-cast turbine
nozzle may be fixedly mounted between the combustor
and first stage rotor of the gas turbine engine 12. Although
it is believed that the bi-cast turbine nozzle 110 construct-
ed in accordance with exemplary embodiments of the
present invention will be particularly advantageous when
used between the combustor and first stage rotor of a
turbine engine, it should be understood that bi-cast noz-
zles constructed in accordance with the present invention
can be used at other locations in a gas turbine engine.
[0016] FIG. 3 is an isometric view of the bi-cast turbine
nozzle 110 of FIG. 2, in accordance with exemplary em-
bodiments of the present invention. FIG. 4 is a schematic
view of a portion of the bi-cast turbine nozzle 110 of FIG.
3. The bi-cast turbine nozzle 110 comprises a plurality
of vanes 120 arranged in an annular array between a
pair of endwalls 103 and 105. The endwalls 103 and 105
have a generally cylindrical main or body section 168
(FIG. 3). The endwalls 103 and 105 are positioned in a
concentric relationship with the vanes 120 disposed in
the radially extending annular array between the end-
walls. The pair of endwalls comprises an inner endwall
103 and an outer endwall 105 that oppose each other.
The outer endwall 105 circumscribes the inner endwall
103 and is spaced therefrom to define the portion 106 of
the combustion gas flow path 107 (FIG. 2) in the gas
turbine engine. The plurality of vanes is configured to be
disposed in the portion 106 of the combustion gas flow
path 107. Each of the vanes 120 has a generally concave
pressure sidewall 122 (FIGS. 5 and 6) and a generally
convex suction sidewall 124 (FIGS. 4 and 5) opposed
thereto. The sidewalls 122 and 124 interconnect a lead-
ing or upstream edge 126 and a trailing or downstream
edge 128 (FIGS. 2 and 6) of each vane. Each vane com-
prises a pair of end portions. The pair of end portions
comprises an inner end portion 138 and an opposing
outer end portion 140.
[0017] As noted above, the bi-cast turbine nozzle may
be manufactured by a known bi-cast method. The sta-
tionary airfoils (vanes) 120 are cast separately from the
inner and outer endwalls 103 and 105. The endwalls may
be respectively cast around the inner and outer end por-
tions 138 and 140 of the prefabricated vanes 120. More
particularly, the inner endwall 103 is cast around the inner
end portion 138 of the vane and the outer endwall 105
is cast around the outer end portion 140 of the vane. An
advantage to the bi-cast method is that the vanes 120
and endwalls 103 and 105 can each be formed from ma-
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terials having different material compositions and crys-
tallographic structures. For example, the vanes 120 in
the bi-cast turbine nozzle may be formed of metal and/or
ceramic materials that can withstand the extremely high
operating temperatures (greater than about 2800° Fahr-
enheit) to which they are exposed in the gas turbine en-
gine. For example, the vanes 120 may be cast as a single
crystal of a nickel- alloy metal. The vanes may be cast
by methods well known in the art. As the endwalls 103
and 105 are subjected to operating temperatures that
differ somewhat from the operating temperatures to
which the vanes 120 are subjected, the endwalls 103 and
105 can advantageously be made of materials which are
different from the materials of the vanes as hereinafter
described. For example, the inner and outer endwalls
103 and 105 may be formed of a nickel superalloy, such
as MAR M247. Although the endwalls 103 and 105 are
described as cast of the same metal, they could be
formed of different metals, if desired. Therefore, it is to
be understood that the inner endwall may be cast of one
metal and the outer endwall cast of another metal. The
vanes 120 may be formed of a third metal or ceramic
material in order to optimize the operating characteristics
of the bi-cast turbine nozzle. In another embodiment, the
endwalls and vanes may comprise the same material.
[0018] Referring again specifically to FIG. 4, the inner
end portion 138 of the illustrated vane is slip coupled by
a slip joint 206 with the adjacent inner endwall 103. It
should be noted that the outer end portion 140 of the
vane 120 is mechanically anchored in the outer endwall
105 by methods well known in the art. This arrangement
prevents the vanes 120 from moving out of engagement
with the opposing endwall as the vane moves within the
conformity of the inner endwall at the slip joints. More
particularly, the outer end portions of each of the vanes
120 are anchored in and held against axial and radial
movement relative to the outer endwall. While the slip
joints are illustrated in FIG. 4 as being between the inner
endwall and the inner end portion of the vane, it is to be
understood that the slip joints may be between the outer
endwall and the outer end portions of the vanes if desired,
using the inner endwall instead of the outer endwall as
the mechanical anchor. Each of the vanes in the annular
array of the bi-cast turbine nozzle is slip coupled to an
endwall of the pair of endwalls with the slip joint between
the end portion and an adjacent endwall of the pair of
endwalls and the opposing end portion anchored to the
other endwall of the pair of endwalls. An impingement
baffle 121a is disposed exteriorly of endwall 103 and in-
cludes a plurality of openings 123a and impingement baf-
fle 121b is disposed exteriorly of endwall 105 and in-
cludes a plurality of openings 123b (FIGS. 2 and 6), for
purposes as hereinafter described.
[0019] During operation of the gas turbine engine, as
known in the art, the vanes 120 are exposed to hot com-
bustion gas 19 (FIG. 1) that comes from the combustor
18 (FIG. 1). The hot combustion gases from the combus-
tor are directed against the annular array of stationary

airfoils (vanes) 120 that extend between the inner end-
wall and the outer endwall. When the inner and outer
endwalls 103 and 105 and vanes 120 are at ambient
temperatures, the slip joints 206 are tightly closed. How-
ever, during engine transient operating conditions, the
vanes 120 and inner and outer endwalls 103 and 105
may heat up or cool down at different rates and be at
different temperatures, resulting in different levels of ra-
dial displacement for the vanes and endwalls. The vanes
120 may be allowed to become hotter than the inner and
outer endwalls 103 and 105 because the vane material
may be able to sustain higher temperatures than the end-
wall material, or because the vanes are exposed to a
hotter combustion gas temperature than the endwalls.
Also, under transient engine operation, the vane temper-
ature will respond faster to combustion gas temperature
changes (cool down or heat up) than endwalls, due to a
difference in thermal inertia between the vanes and the
endwalls. As such, the vane radial displacement may be
different than the endwalls due to different temperature
level and/or different coefficient of thermal expansions
owing to different materials being used for vanes and
endwalls. As this occurs, the vanes are free to move in
the radial direction (relative to the inner endwall) through
the slip joints, without resulting in compressive or tensile
stress buildup. At the same time, the outer endwall may
be at a different temperature than the inner endwall dur-
ing transient operation, and as the outer endwall is at a
different radial position than the inner endwall, the radial
displacement of the outer endwall may be different from
that of the inner endwall. As the vanes are mechanically
anchored to the outer endwall (in the illustrated embod-
iment), and accordingly move radially with the outer end-
wall, the vanes move relative to the inner endwall through
the slip joints. This relative movement in the radial direc-
tion between the vanes and inner endwall results in open-
ing the slip joints during engine operation. The slip joint
206 in the open condition as depicted in FIG. 5 comprises
a gap 142 between the vane pressure sidewall 122 and
the opposing surface of the adjacent endwall and an op-
posing gap 144 between the vane suction sidewall 124
and the opposing surface of the adjacent endwall, per-
mitting the vane to slide radially into and out of a space
146 (FIGS. 4 and 5) in the adjacent inner endwall 103.
The space 146 is underneath the vane footprint as de-
picted in FIGS. 4 and 5. Again, while the slip joint 206 is
illustrated in FIG. 5 as being between the inner endwall
103 and the inner end portion 138 of the vane 120, it is
to be understood that the slip joint(s) may be between
the outer endwall 105 and the outer end portions 140 of
the vanes if desired, using the inner endwall 103 instead
of the outer endwall as the mechanical anchor. As noted
previously, the slip joints 206 in the bi-cast turbine nozzle
accommodate differential thermal expansion of the
vanes relative to the endwalls.
[0020] Still referring to FIG. 5, the hot combustion gas
19 is ingested into the slip joint 206 and flows along the
portion 106 (FIG. 2) from a pressure side (FIG. 6) of the
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vane, into the associated space 146 in the endwall ad-
jacent the vane end portion, and onto a suction side (FIG.
4) (the suction sidewall 124) of the vane because of the
pressure being higher on the pressure side of the vane
compared to the suction side of the vane. More particu-
larly, the hot combustion gas 19 flows into the gap 142
between the pressure sidewall and the opposing surface
of the adjacent endwall, through the space 146 under-
neath the vane footprint, and into the opposing gap 144
between the suction sidewall and the opposing surface
of the adjacent endwall. As noted previously, this hot gas
ingestion through the slip joint 206 would result in vane
and endwall oxidation and material recession, resulting
in further increases in the size of the gaps 142 and 144,
if the slip joints were not cooled according to exemplary
embodiments of the present invention as described here-
in.
[0021] Referring now to FIG. 6, in accordance with ex-
emplary embodiments of the present invention, the bi-
cast turbine nozzle 110 further comprises a plurality of
cooling holes 150 defined through an endwall (endwall
103 in FIG. 6). The plurality of cooling holes 150 are dis-
posed adjacent the periphery of the slip joint 206, on the
pressure side 122 of the vane 120. The cooling holes
150 are formed in the endwall 103, along the pressure
sidewall of the vane and in proximity to the leading edge
126 of the vane. The plurality of cooling holes in endwall
103 comprise a first set (encircled region A of FIG. 6) of
cooling holes along the pressure sidewall of the vane and
a second set (encircled region B of FIG. 6) of cooling
holes in proximity to the leading edge 126 of the vane.
Each cooling hole of the plurality of cooling holes 150
has an outlet 152 opening onto the endwall 103 in prox-
imity to the slip joint 206. The cooling holes 150 are se-
lectively located such that the cooling gas 76 exiting
therefrom mixes with the combustion gas 19 and follows
the combustion gas flow path (indicated by arrows in FIG.
5) through the slip joint, as hereinafter described. More
particularly, the cooling holes are selectively located so
that the cooling gas flow 76 (FIG. 1) ejected through the
plurality of cooling holes 150 mixes with the hot combus-
tion gas ingestion flow 19 that flows through the slip joints,
thereby reducing the temperature of the combustion gas
19 that is ingested through the slip joints 206 in the bi-
cast turbine nozzle. While the plurality of cooling holes
150 are described as defined through inner endwall 103,
it is to be understood that the plurality of cooling holes
150 may alternatively be defined through outer endwall
105 when the slip joints in the bi-cast turbine nozzle are
between the outer endwall and the outer end portions of
the vanes and the inner endwall is used as the mechan-
ical anchor.
[0022] The plurality of cooling holes 150 may be
formed through the endwall by methods known in the art.
For example, electrode discharge machining (EDM) may
be used to form the plurality of cooling holes through the
endwall. The cooling holes may be generally cylindrical
in cross-section, inclined at the shallowest possible angle

with respect to the endwall surface. The cooling holes
may have other cross-sectional shapes. While a specific
number of cooling holes, cooling hole geometries, and
cooling hole configurations are illustrated, it is to be un-
derstood that the exemplary embodiments as herein de-
scribed are not limited to any particular number of cooling
holes, geometries and/or configurations. For example,
the cooling hole shape, hole spacing between cooling
holes (center of one film cooling hole to the center of the
sequential film cooling hole), the number of cooling holes,
or the like may be varied depending upon the particular
application. In addition, while the cooling gas may allow
higher operating temperatures of the gas turbine engine
and the bi-cast turbine nozzle, the cooling gas may also
be parasitic to the engine, as it is not directly used to
produce power, e.g., thrust. Therefore, the amount of
cooling gas directed to the slip joint should be optimized
to an amount sufficient to cool the slip joint to substantially
prevent oxidation damage without using more than nec-
essary.
[0023] Still referring to FIG. 6, the bi-cast turbine nozzle
further comprises a plurality of endwall film cooling holes
160 defined through the endwalls 103 and 105, in prox-
imity to the trailing edge 128 of the vane. The endwall
film cooling holes are on the pressure side of the vane
The cooling holes 150 (encircled region B) help to miti-
gate lift-off of a film layer of cooling gas formed from the
cooling gas 76 exiting the plurality of endwall film cooling
holes 160. As known in the art, a horse-shoe vortex is
formed on the endwall in the close vicinity of the inter-
section between the vane leading edge 126 and the end-
wall. The horse-shoe vortex tends to migrate from the
pressure side of the vane toward the suction side of the
vane along the endwall, causing the lift-off of the film
cooling layer along the endwall. The cooling gas ejected
from cooling holes 150 in proximity of the leading edge
(i.e., cooling holes 150 in encircled region B) tend to sub-
stantially prevent the formation of the horse-shoe vortex
due to the introduction of high momentum cooling jets
into the approaching hot combustion gas flow and as
such, mitigate the lift-off of the film layer of cooling gas
along the endwall.
[0024] Referring now to FIGS. 1, 6, and 7, according
to exemplary embodiments of the present invention, a
method 300 for cooling the slip joint in the bi-cast turbine
nozzle begins by extracting from the compressor of the
gas turbine engine a cooling gas flow suitable in quantity
to sufficiently cool the combustion gas flow through the
slip joint (step 400). The quantity of cooling gas is deter-
mined by the maximum allowable vane and endwall met-
al surface temperatures below which oxidation damage
is substantially prevented (in the absence of any oxida-
tion protection coatings). The vane and endwall metal
temperature levels proximate the slip joint are mainly
governed by the heat input from the hot combustion gas
ingested through the slip joint. A known high fidelity three-
dimensional flow and a conjugate heat transfer analysis
tool are used to predict the metal temperatures proximate
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the slip joint and the cooling gas quantity suitable to sub-
stantially ensure that the vane and endwall metal tem-
peratures are maintained at temperature levels below
which oxidation damage is substantially prevented.
[0025] Still referring to FIGS. 1, 6, and 7 and referring
again to FIG. 5, according to exemplary embodiments of
the present invention, the method 300 for cooling a slip
joint in a bi-cast turbine nozzle continues by directing the
cooling gas flow from the compressor through the plural-
ity of cooling holes defined through the endwall to mix
with the combustion gas flow through the slip joint (step
500). More particularly, as noted previously, compressed
air 23 may be extracted from the exit 21 of the compressor
16 and flows into the combustor plenum 40. A portion
(the cooling gas 76) of the compressed air flows from the
combustor plenum to the bi-cast turbine nozzle 110 in
the turbine section 100 (FIGS. 1 and 2). Other configu-
rations for supplying the cooling gas to the bi-cast turbine
nozzle may be used. The cooling gas 76 flows through
the plurality of openings 123a in impingement baffle 121a
to impinge on an inside surface of endwall 103 and
through the plurality of openings 123b in impingement
baffle 121b to impinge on the inside surface of endwall
105 (FIGS. 2 and 6). The cooling gas 76 is subsequently
ejected through the endwall film cooling holes 160 onto
the external surface of the endwalls 103 and 105. After
impingement, the cooling gas is also ejected from the
outlet 152 of each cooling hole of the plurality of cooling
holes 150 defined through the endwall As noted previ-
ously, the illustrated outlet 152 opens onto the endwall
103 (more particularly, the external surface of endwall
103) in proximity to the slip joint 206. Also as noted pre-
viously, the cooling holes are selectively located so that
the cooling gas flow 76 ejected through the plurality of
cooling holes 150 mixes with the hot combustion gas
ingestion flow 19 that subsequently flows through the slip
joints, thereby reducing the temperature of the combus-
tion gas ingested through the slip joints. The mixture of
cooling gas 76 and hot combustion gas 19 results in "di-
luted and cooled combustion gas" 190 (FIG. 5). As noted
previously, while the plurality of cooling holes 150 are
described as defined through inner endwall 103, it is to
be understood that the plurality of cooling holes 150 may
alternatively be defined through outer endwall 105 when
the slip joints in the bi-cast turbine nozzle are between
the outer endwall and the outer end portions of the vanes
and the inner endwall is used as the mechanical anchor.
Slip joints between the outer endwall 105 and the outer
end portions of the vanes are cooled in the same manner
as slip joints between the inner endwall 103 and inner
end portions of the vanes.
[0026] Following the combustion gas flow path 106
(FIG. 5), the diluted and cooled combustion gas 190
passes through the open slip joint between the end por-
tion of the vanes and the adjacent endwall in the bi-cast
turbine nozzle in the same manner as previously de-
scribed for combustion gas 19. The diluted and cooled
combustion gas 190 generates high heat transfer coef-

ficient on the adjacent surfaces (due to a high Reynolds
number) that cools (relative to turbine nozzles without
slip joint cooling) both the end portion of the vanes and
the adjacent endwall surfaces. The diluted and cooled
combustion gas 190 film cools the slip joint 206 (including
the endwall downstream of the ejection point). Significant
reductions in temperature at the slip joint and on the aft
side of the endwall (i.e., the suction side) may also be
realized relative to turbine nozzles without slip joint cool-
ing, thereby substantially preventing oxidation damage
at the slip joint. Substantial prevention of oxidation dam-
age at the slip joints substantially insures the size of the
gaps 142 and 144 does not increase over time, thereby
minimizing combustion gas ingestion therethrough. In
addition, an overall increase in cooling effectiveness of
the bi-cast turbine nozzle is realized.
[0027] From the foregoing, it is to be appreciated that
the bi-cast turbine nozzles and methods for cooling slip
joints therein are provided. Cooling of the slip joints in
the bi-cast turbine nozzles helps substantially prevent
aerodynamic performance degradation and oxidation
damage at the slip joint, thereby decreasing material re-
cession and contributing to longer operative life of the bi-
cast turbine nozzles. Cooling film blow-off may also be
reduced.
[0028] In this document, relational terms such as first
and second, and the like may be used solely to distinguish
one entity or action from another entity or action without
necessarily requiring or implying any actual such rela-
tionship or order between such entities or actions. Nu-
merical ordinals such as "first," "second," "third," etc. sim-
ply denote different singles of a plurality and do not imply
any order or sequence unless specifically defined by the
claim language. The sequence of the text in any of the
claims does not imply that process steps must be per-
formed in a temporal or logical order according to such
sequence unless it is specifically defined by the language
of the claim. The process steps may be interchanged in
any order without departing from the scope of the inven-
tion as long as such an interchange does not contradict
the claim language and is not logically nonsensical.
[0029] Furthermore, depending on the context, words
such as "connect" or "coupled to" used in describing a
relationship between different elements do not imply that
a direct physical connection must be made between
these elements. For example, two elements may be con-
nected to each other physically, electronically, logically,
or in any other manner, through one or more additional
elements.
[0030] While at least one exemplary embodiment has
been presented in the foregoing detailed description of
the invention, it should be appreciated that a vast number
of variations exist. It should also be appreciated that the
exemplary embodiment or exemplary embodiments are
only examples, and are not intended to limit the scope,
applicability, or configuration of the invention in any way.
Rather, the foregoing detailed description will provide
those skilled in the art with a convenient road map for
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implementing an exemplary embodiment of the inven-
tion. It being understood that various changes may be
made in the function and arrangement of elements de-
scribed in an exemplary embodiment without departing
from the scope of the invention as set forth in the ap-
pended claims.

Claims

1. A bi-cast turbine nozzle comprising:

an endwall;
a vane coupled to the endwall, the vane com-
prising:

a leading edge and a trailing edge intercon-
nected by a pressure sidewall and a suction
sidewall; and
an end portion;

a slip joint between the end portion and the end-
wall; and
a plurality of cooling holes defined through the
endwall, the plurality of cooling holes disposed
adjacent the periphery of the slip joint along the
pressure sidewall of the vane and in proximity
to the leading edge.

2. The bi-cast turbine nozzle of Claim 1, wherein the
plurality of cooling holes defined through the endwall
comprise a first set of cooling holes extending along
the pressure sidewall and a second set of cooling
holes disposed in proximity to the leading edge of
the vane.

3. The bi-cast turbine nozzle of Claim 1, wherein each
cooling hole of the plurality of cooling holes has an
outlet opening onto the endwall in proximity to the
slip joint.

4. The bi-cast turbine nozzle of Claim 1, wherein the
plurality of cooling holes is in in fluid communication
between a compressor and a combustion gas flow
path of a gas turbine engine.

5. The bi-cast turbine nozzle of Claim 1, wherein the
plurality of cooling holes is selectively located along
the pressure sidewall of the vane and in proximity to
the leading edge to mix with a combustion gas flow
and follow the combustion gas flow path through the
slip joint.

6. The bi-cast turbine nozzle of Claim 1, further com-
prising a plurality of endwall film cooling holes de-
fined through the endwall in proximity to the trailing
edge of the vane.

7. The bi-cast turbine nozzle of Claim 6, wherein the
plurality of cooling holes disposed in proximity to the
leading edge of the vane mitigates lift-off of a film
layer of cooling gas formed from cooling gas exiting
the plurality of endwall film cooling holes.

8. The bi-cast turbine nozzle of Claim 1, wherein the
endwall comprises a pair of endwalls and the vane
is in an annular array of vanes extending between
the pair of endwalls, the slip joint between the end
portion of each vane in the annular array and the
adjacent endwall.

9. The bi-cast turbine nozzle of Claim 8, wherein each
vane further comprises an opposing end portion, the
slip joint between the end portion of each vane in the
annular array and the adjacent endwall of the pair of
endwalls and the opposing end portion anchored to
the other endwall of the pair of endwalls.

10. A method (300) for cooling a slip joint in a bi-cast
turbine nozzle comprising a vane coupled to an end-
wall by the slip joint, the method comprising the steps
of:

extracting from an exit of a compressor of a gas
turbine engine a cooling gas flow suitable in
quantity to cool a combustion gas flow through
the slip joint (400); and
directing the cooling gas flow through a plurality
of cooling holes in the endwall to mix with the
combustion gas flow (500), the plurality of cool-
ing holes disposed adjacent the periphery of the
slip joint along a pressure sidewall and in prox-
imity to a leading edge of the vane.

11. The method of Claim 10, wherein the step (500) of
directing the cooling gas flow comprises directing
the cooling gas flow through the plurality of cooling
holes and into a pressure side gap of the slip joint to
mix with and follow the combustion gas flow through
the slip joint, the associated space in the endwall
being adjacent an end portion of the vane.

12. The method of Claim 10, wherein the plurality of cool-
ing holes in the endwall comprises a first set of cool-
ing holes and a second set of cooling holes, and the
step (500) of directing the cooling gas flow through
a plurality of cooling holes in the endwall comprises
directing the cooling gas flow through the first set of
cooling holes that extend along the pressure sidewall
and through the second set of cooling holes disposed
in proximity to the leading edge of the vane, each
cooling hole of the plurality of cooling holes having
an outlet opening onto the endwall in proximity to the
slip joint.
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